Variant angina was diagnosed after coronary artery bypass surgery in six patients over a 22month period. Although all six patients had at least occasional angina at rest preoperatively, all but one had predominantly exertional angina. After surgery, rest angina with transient ST-segment elevation appeared in all six after an asymptomatic interval of 1 week to 4 years. In two patients the involved artery had not been bypassed, in two patients it was perfused by a patent graft and in two patients the graft to the involved vessel was occluded. Treatment with calcium antagonist drugs (four cases) or isosorbide dinitrate (one case) eliminated symptoms; one patient spontaneously became asymptomatic. The diagnosis of variant angina should be considered when rest angina occurs after bypass surgery, particularly if exertional angina is absent and grafts are patent.
SUMMARY Variant angina was diagnosed after coronary artery bypass surgery in six patients over a 22month period. Although all six patients had at least occasional angina at rest preoperatively, all but one had predominantly exertional angina. After surgery, rest angina with transient ST-segment elevation appeared in all six after an asymptomatic interval of 1 week to 4 years. In two patients the involved artery had not been bypassed, in two patients it was perfused by a patent graft and in two patients the graft to the involved vessel was occluded. Treatment with calcium antagonist drugs (four cases) or isosorbide dinitrate (one case) eliminated symptoms; one patient spontaneously became asymptomatic. The diagnosis of variant angina should be considered when rest angina occurs after bypass surgery, particularly if exertional angina is absent and grafts are patent.
RELIEF OF ANGINA accompanies coronaryartery bypass surgery in the majority of cases.' Patients with incomplete revascularization may have persistent angina. Graft closure, which usually occurs in the first year after surgery,2 and progressive occlusive disease in the native coronary circulation, which occurs in most patients by 5-7 years postoperatively,3 can cause recurrent angina in some patients with an initially satisfactory surgical result.
Over a 22-month period at our institution, the cause of postoperative angina was determined to be previously undiagnosed variant angina in six patients. In this paper we describe this additional cause of angina after coronary artery bypass surgery.
Methods

Patient Material
For the purposes of this study the following criteria were required for the diagnosis of variant angina: 1) burning or squeezing retrosternal chest pain at rest; 2) sublingual nitroglycerin always relieving the pain in less than 5 minutes; 3) ST-segment elevation of at least 2 mm not present on the baseline ECG but documented during pain and disappearing after relief of pain; 4) no subsequent evidence of myocardial infarction.
Between October 1977 and July 1979, 36 patients hospitalized in the Coronary Care Unit of the Montreal Heart Institute fulfilled these criteria. Six of these patients in whom variant angina was suspected and diagnosed only after coronary artery bypass surgery form the basis of this report. During the same period, 840 patients underwent isolated coronary artery bypass surgery at our institution.
Selective coronary arteriography was performed via a percutaneous femoral approach using preformed catheters, as previously described.4 Views with cranial angulation were routinely filmed.5 Particular care was taken to avoid catheter-induced coronary artery spasm. No attempt was made to induce coronary spasm by administering ergonovine during catheterization. Nitroglycerin was not given before the initial injections; however, when a lesion was noted the vessel was filmed again in several views after nitroglycerin. Before the coronary arteriogram, a left ventricular angiogram was filmed in the 300 right anterior oblique view. All angiographic documents were routinely interpreted independently by an experienced cardiovascular radiologist.
Patient Management
Exertional angina was graded according to the Canadian Cardiovascular Society anginal system.6 Coronary artery bypass surgery was performed with reversed segments of saphenous vein using standard techniques.7 Myocardial protection was provided by cold potassium cardioplegia.
Patients with suspected variant angina admitted to the coronary care unit underwent continuous electrocardiographic monitoring. All cardiovascular medication was discontinued with the exception of sublingual nitroglycerin given to relieve angina. A 12-lead ECG was routinely recorded during episodes of chest pain until the diagnosis was confirmed. Diagnostic ergonovine tests were performed in the coronary care unit according to a strictly defined protocol. 8' 9 Patients with frequent documented episodes of variant angina were treated with calcium-antagonist drugs, as previously described.8" 10
Case Summaries
Patient 1 A 60-year-old woman was hospitalized because of grade 3 typical exertional angina that had been present for 18 months and had not improved with oral propranolol, 20 mg four times per day, and isosorbide 1159 VOL 6 1, No 6, JUNE 1980 dinitrate, 5 mg sublingually four times per day. Rest angina occurred one or more times daily but was always rapidly relieved by nitroglycerin. The physical examination and resting ECG were normal. An exercise test was not considered necessary by her cardiologist and an ECG was never recorded during a spontaneous episode of angina. At coronary arteriography a 75% stenosis in the proximal left anterior descending coronary artery and a 40% lesion in the posterior descending branch of the right coronary artery were found. The left ventricular angiogram was normal.
The patient underwent coronary artery bypass grafting to the left anterior descending coronary artery. Seven days later, frequent episodes of rest angina, associated with ST segment elevation in leads 2, 3 and aVF, and transient complete atrioventricular block developed. For 4 days two to 10 episodes of angina with ST-segment elevation occurred per day. Ergonovine was administered and at a dose of 0.1 mg, angina developed with transient ST-segment elevation in leads 2, 3 and aVF. Oral nifedipine, 20 mg four times per day, was begun and no more episodes of variant angina were detected. Because nifedipine was not then available to us for long-term treatment, perhexiline maleate, 400 mg twice per day, was administered instead of nifedipine, without reappearance of symptoms. The patient remains asymptomatic 11 months after hospital discharge.
Patient 2
A 49-year-old man was hospitalized for coronary artery bypass surgery because of grade 3 exertional angina despite treatment with oral propranolol, 40 mg four times per day. Angina had been present for 7 months, including two to four episodes per week at rest, always rapidly relieved by nitroglycerin. Physical examination was normal except for a blood pressure of 150/100 mm Hg. The resting ECG was normal. At coronary arteriography, a 75% left anterior descending coronary artery stenosis, a 75% stenosis in the first diagonal branch and a 50% stenosis in the distal circumflex coronary artery were identified. The left ventriculogram was normal.
Coronary artery bypass surgery was performed with a single graft anastomosed sequentially to the left anterior descending coronary artery and its diagonal branch; the circumflex stenosis was not bypassed because its distal bed was small. No complications were noted postoperatively and the patient was discharged 10 days after surgery.
Three days later, rest angina recurred, each episode lasting 5-10 minutes, with rapid relief after sublingual nitroglycerin. The patient was rehospitalized and one to four episodes of rest angina with transient STsegment elevation in leads V1 to V3 were documented each day. Repeat coronary arteriography revealed no change in the native circulation or left ventriculogram, but the bypass graft was occluded at its origin. Ergonovine induced angina with transient ST-segment elevation in leads V1 to V3 at a dose of 0.05 mg. Oral diltiazem, 120 mg three times per day, was prescribed and no more spontaneous angina occurred. The patient remains asymptomatic with no other medication 5 months after discharge.
Patient 3
A 56-year-old male mechanic was hospitalized with a 14-month history of grade 3 typical exertional angina and frequent episodes of rest angina. Propranolol, 40 mg four times per day, had been prescribed 5 weeks before admission, resulting in a decrease in the frequency of exertional angina but no change in the pattern of rest angina. Physical examination and the resting ECG were unremarkable. An exercise test was not done because of the history of frequent rest angina. Coronary arteriography revealed 70% proximal stenoses in the right, left anterior descending and circumflex coronary arteries. A hypokinetic posterobasal segment was noted at left ventriculography.
No angina occurred for 14 days after triple aortocoronary bypass surgery. During the next 2 days, two 10-minute episodes of severe chest pain at rest associated with ST-segment elevation in leads V2 to V4 were noted. Sublingual nitroglycerin quickly relieved each episode. No further angina occurred and no antianginal drugs were prescribed. Coronary arteriography was repeated 1 month after surgery, before hospital discharge. All three grafts were patent, but the proximal right coronary and left anterior descending coronary stenoses had progressed to complete occlusions. The patient remains asymptomatic without medication 17 months later.
Patient 4
A 40-year-old housewife was hospitalized elsewhere with a 6-week history of grade 3 angina on exertion. One episode of angina had occurred at rest but was relieved in 2 minutes by sublingual nitroglycerin. Physical examination and a resting ECG were normal. A treadmill exercise test was stopped during Bruce stage 1 at a maximal heart rate of 136 beats/min because of angina and 4 mm of horizontal ST-segment depression. Because of continuing angina on minimal exertion despite medical treatment the patient was transferred to our institution. Coronary arteriography showed a 70% ostial left main coronary lesion with otherwise normal vessels and a normal left ventricular angiogram. A single bypass graft was placed to the left anterior descending coronary artery. Three hours after the operation, ventricular fibrillation occurred without preceding arrhythmias or ST-segment shifts.
Cardiopulmonary resuscitation was immediately instituted but normal sinus rhythm was restored only after 30 minutes. An anteroseptal myocardial infarction was noted over the next several days. Coronary arteriography was repeated 9 days after surgery. The left main coronary artery stenosis was unchanged, no new coronary lesion was detected and the bypass graft was completely occluded. Therefore the patient underwent reoperation with bypass grafts placed to the 1160 CIRCULATION VARIANT ANGINA AFTER CABG/ Waters et al. left anterior descending and circumflex coronary arteries. The second postoperative period was uneventful but, she was readmitted 8 weeks after discharge from hospital because typical anginal episodes at rest reappeared. One to six episodes of rest angina occurred per day in hospital, and ST-segment elevation appeared transiently in leads V2 and V3 during each attack. Perhexiline, 200 mg/day, was administered and she became asymptomatic over several days. Three months after the second operation, a repeat arteriogram revealed that the graft to the left anterior descending coronary had again occluded; the circumflex graft remained patent. The left main ostial stenosis had progressed from 70% to 90% and a complete occlusion had developed in the proximal left anterior descending coronary artery. Perhexiline was discontinued 2 weeks after hospital discharge because of drug-induced ataxia, but symptoms did not recur. The patient remains well, without angina, 3 months later.
Patient 5
A 5 1-year-old male train inspector was hospitalized with a 5-day history of retrosternal squeezing chest pains, lasting 5 minutes and usually occurring in the morning. He denied having exertional angina and had no other cardiac symptoms; physical examination was normal. The resting ECG was abnormal with nonspecific T-wave changes in leads V1 to V4. No chest pain occurred in hospital and he was discharged without medication after a limited treadmill exercise test to a maximal work load of 5 equivalents of resting oxygen expenditure (mets) revealed no ST-segment shifts.
Five weeks later he was readmitted because of recurrent short episodes of rest angina without exertional pain. No angina occurred during 5 days of electrocardiographic monitoring. A treadmill exercise test was stopped at 9 mets with a maximal heart rate of 143 beats/min -82% of his age-predicted maximal heart ratebecause of dyspnea. No ST abnormalities occurred during the test. At coronary arteriography a 70% stenosis was found in the middle portion of the left anterior descending coronary artery and a large diagonal branch had a 50% stenosis at its origin. Left ventricular angiography was normal. Coronary artery bypass surgery was performed with grafts placed to each of the two affected vessels. No complications ensued and he was asymptomatic without medication for 5 months after discharge.
Angina recurred, predictably each morning while he shaved, but never at other times of the day despite much higher levels of exertion. An ECG recorded several hours after one of these episodes showed symmetrical T-wave inversion in leads V1 to V4 without other abnormalities. Coronary arteriography was repeated; both grafts were widely patent and his native coronary lesions were unchanged. He was readmitted to the coronary care unit and ST-segment elevation in leads V1 to V3 was documented during a morning anginal episode. Ergonovine was ad-ministered and at a dose of 0.05 mg his chest pain occurred, associated with transient ST elevation in leads V1 to V3, He was treated with oral nifedipine, 20 mg four times per day, and his angina disappeared entirely. He remains asymptomatic 9 months later. Patient 6 A 62-year-old businessman was admitted to another hospital with rest angina of 1 week's duration. Grade 2 typical exertional angina had been present for 11 months. At coronary arteriography an 80% stenosis in the proximal left anterior descending coronary artery and a 90% stenosis in a small diagonal branch were found. The other arteries and the left ventricular angiogram were normal. Coronary artery bypass grafting to the left anterior descending coronary artery was performed without complication and he remained asymptomatic for the next 4 years.
Six weeks before rehospitalization, grade 3 typical exertional angina appeared, associated with rest angina between 6:00 and 9:00 a.m. nearly every morning. On the day of admission his morning pain appeared as usual, but became increasingly severe and lasted for 6 hours. Physical examination revealed a pale, sweaty man with a blood pressure of 180/100 mm Hg; a fourth heart sound was present but no other cardiac abnormalities were detected. An ECG suggested acute anteroseptal infarction with a QS complex in lead V1 and ST elevation in leads V1 to V4. Cardiac enzymes and isoenzymes were elevated 24 hours later. Cyclical chest pain persisted each morning and became more frequent, occurring two to six times per day. Nitroglycerin predictably relieved each episode. Propranolol was begun in doses increasing to 80 mg four times per day, but the pain pattern remained unaltered. Eight days after admission a complete ECG was recorded for the first time during an anginal episode. This tracing and several subsequent ones revealed transient ST elevation in leads 2, 3 and aVF. Perhexiline was begun at a dose of 200 mg twice daily, but symptoms persisted; perhexiline was gradually increased to 500 mg twice daily. At this dose, ataxia developed but angina disappeared. Perhexiline was replaced by isosorbide dinitrate, 5 mg sublingually every 4 hours and 30 mg orally every night, and angina did not recur.
Coronary arteriography revealed that the left anterior descending and diagonal lesions had not progressed since the arteriogram 4 years previously. The bypass graft was widely patent. The right coronary artery, which had previously been normal, was totally occluded in its proximal third. The distal right coronary artery was opacified only by large collaterals originating from the left anterior descending coronary artery. The circumflex coronary artery was a small vessel and did not perfuse a large territory. These arteriographic findings suggested that the cause of ST elevation in the inferior ECG leads in this patient may have been left anterior descending coronary artery spasm, because this vessel perfused the distal right coronary artery and because spasm in a totally occluded artery is rare. Despite the recent clinical Abbreviations: RCA = right coronary artery; LAD = left anterior descending coronary artery; C = circumflex coronary artery; LMCA = left main coronary artery; D = diagonal branch; VF = ventricular fibrillation; MI = myocardial infarction; TST = ST-segment elevation.
anteroseptal infarction, left ventriculography appeared normal. The patient continues to take isosorbide dinitrate 17 months after hospital discharge and has morning anginal attacks less than once per month.
Results
The clinical evolution of the six patients in this study is summarized in table 1. All but one patient had typical exertional angina before surgery, but angina at rest was an important feature of the clinical presentation in all six patients. Four of the five patients with frequent rest pain had coronary lesions no more severe than 70-75%.
The interval between bypass surgery and the recurrence of symptoms varied from 1 week to 4 years. Rest angina, not angina on exertion, was the predominant feature of recurrent symptoms in nearly all patients, in contrast to the initial presentation before bypass surgery. In addition, the clinical syndrome in all cases corresponded to accepted criteria for the diagnosis of variant angina listed in the Methods section of this paper.
In patients 1 and 6 (table 1), ST elevation was documented in the inferior electrocardiographic leads. The right or circumflex coronary arteries were not bypassed in either case because no significant stenosis was present in either artery at surgery. The site of spasm was probably the right coronary artery in patient 1 and either the totally occluded right coronary artery or the left anterior descending coronary artery that perfused the inferior wall via large collaterals in patient 6. In patients 3 and 5, variant angina occurred in the anterior electrocardiographic leads despite patent grafts to the stenotic left anterior descending coronary artery. Patients 2 and 4 had ST-segment eleva-tion in the anterior leads associated with recurrent graft occlusion to the involved region.
One of the six patients became asymptomatic without treatment and remains so. In the remaining five patients, the eventual diagnosis of variant angina prompted institution of appropriate therapy; they rapidly became asymptomatic and have not developed recurrent symptoms.
Discussion
The syndrome of variant angina was originally defined by Prinzmetal et al.'1 as rest angina with transient ST-segment elevation and generally wellpreserved exercise capacity. 12 The six patients reported in this study all developed this clinical syndrome after coronary artery bypass surgery; all had brief episodes of angina at rest associated with transient ST-segment elevation and rapidly relieved by nitroglycerin. Coronary artery spasm has been shown to be the cause of the clinical manifestations of variant angina.13 Although no attempt was made to document this mechanism directly during arteriography in any of the patients in this study, coronary artery spasm undoubtedly accounted for the postoperative symptoms in these patients because all presented the typical clinical syndrome. In addition, angina with transient ST-segment elevation appeared after ergonovine administration in each of the three patients thus challenged.
In retrospect, rest angina was an important component of the clinical syndrome in most of the patients before surgery, although five of six had predominantly exertional angina. Only patient 5 had preoperative symptoms suggestive of variant angina. To what degree coronary argery spasm may have accounted for preoperative anginal symptoms in these patients is un- 1162 CIRCULATION VARIANT ANGINA AFTER CABG/Waters et al. The results of coronary artery bypass surgery in patients with known variant angina range from poor2, to ent. 21 22 Because spontaneous variations in the frequency of symptoms occur in most patients with variant angina, the effect of any treatment is difficult to evaluate. However, the results of bypass surgery in patients with variant angina are probably inferior to those in patients with typical angina. Preliminary studies8' 10, 19, [23] [24] [25] [26] [27] [28] [29] suggest that calcium-antagonist drugs produce excellent clinical results in most patients with variant angina; thus, the identification of patients with this syndrome before bypass surgery appears important because alternate therapy may be more appropriate. Exercise testing in these patients might have revealed an unexpectedly well preserved exercise capacity; the disparity between such a finding and the clinical history of rest angina would then have pointed to the diagnosis of variant angina. However, four of the six patients in this study did not undergo an exercise test preoperatively because the presence of fixed coronary lesions and the clinical history were considered to be a sufficient indication for bypass surgery. None of the patients in this study had an ECG recorded during an episode of rest pain before surgery, either because no rest pain occurred in hospital (patients 1, 2, 5 and 6) or because surgery was performed soon after admission because of their unstable clinical state (patients 3 and 4). Ergonovine administration8' 9, 30-32 appears to be a sensitive and specific test to confirm the diagnosis of variant angina in cases when spontaneous episodes with ST-segment elevation cannot be documented.
The combination of bypass surgery and treatment with calcium-antagonist drugs may be required in patients with severe fixed stenoses, as suggested by Endo et al. '9 The results of this study suggest that coronary bypass surgery may be ineffective treatment for some patients with variant angina and fixed coronary lesions. In patients 3 and 5 and possibly in patient 6, symptom-producing coronary spasm occurred in an artery perfused by a patent graft. In patients 2 and 4, the graft to the involved artery was completely occluded. This relatively high incidence of graft occlusion in these patients despite good distal vessels and excellent intraoperative graft flow measurements leads us to speculate that perhaps transient stasis of graft flow caused by coronary artery spasm could potentiate graft occlusion in some patients with active variant angina. The reverse situation may also be true but seems very unlikely; that is, that graft occlusion (patients 2 and 4) or occlusion of a native artery (patient 6) induced a clinical syndrome identical to variant angina. Coronary artery or graft occlusion may cause myocardial infarction or angina but have never been reported to cause variant angina. The patients in this study had various degrees of coronary stenosis in the arteries in which coronary spasm presumably occurred and in this respect are similar to other patients with variant angina.
The diagnosis of variant angina should be considered when typical chest pain occurs at rest after coronary artery bypass surgery, particularly if exertional angina is absent. Confirmation of the diagnosis requires an ECG recorded during an episode of rest angina; ergonovine testing appears to be of diagnostic value in patients with infrequent symptoms. Graft occlusion and progressive coronary disease are more usual causes of angina after coronary artery bypass surgery; however, recognition of variant angina can result in specific treatment that usually will eliminate symptoms.
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